Background: Abdominal ultrasound examinations (AUS) are commonly performed before advanced neurodiagnostics to screen for diseases that might affect diagnostic plans and prognosis.
B efore imaging the brain or spinal cord in dogs, complete blood count, serum biochemistry panel, urinalysis, thoracic radiographs, and abdominal ultrasound examinations (AUS) are often performed to rule out causes of neurologic disease originating from outside the central nervous system and to screen for conditions that might affect the decision to pursue diagnosis and treatment as well as the outcome of treatment. Supposedly, fewer abnormalities are identified on AUS in younger dogs presenting with neurologic disease in comparison to geriatric neurologic dogs which more often have comorbid disease conditions. However, these apparent relationships have not been quantitatively assessed. Compared with the large body of literature from human medicine exploring the role of preoperative testing, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] there are few veterinary studies [13] [14] [15] [16] [17] [18] evaluating the value of screening tests as a tool. To the authors' knowledge, there are no studies that evaluate the role of an AUS in dogs with neurologic disease.
The core purpose of screening tests is to identify clinically important conditions that could benefit the dog by early detection, but for which a physical abnormality is not necessarily expected based on clinical examination. 10, 19 The primary flaws of screening are overdiagnosis, false positive results, incidental findings, and increased costs that do not lead to medical benefit. 1 These troublesome outcomes cause anxiety, increase exposure to risks associated with follow-up procedures,
Abbreviations:
AUS abdominal ultrasound examination CT computed tomography MRI magnetic resonance imaging CSF cerebrospinal fluid C1-C5 neuroanatomic localization from first cervical to fifth cervical segment C6-T2 neuroanatomic localization from sixth cervical to second thoracic segment T3-L3 neuroanatomic localization from third thoracic to third lumbar segment L4-caudal neuroanatomic localization from fourth lumbar segment to the caudal segments CI confidence interval OR odds ratio Kg kilogram and could affect the decision to proceed with further diagnostics and treatment to address the primary condition. 2, 4, 5, [7] [8] [9] [18] [19] [20] When faced with the high cost of neurodiagnostics and surgery, owners and clinicians alike might find themselves questioning the risk-to-benefit ratio of performing an AUS and the implications of significant abnormalities being found. The objectives of this study are to: (1) describe the type and frequency of abnormalities found by AUS in dogs presenting with a neurological condition, (2) quantitate the odds of an abnormality being discovered on an AUS based on age, breed, and neuroanatomic localization of the lesion, (3) evaluate diagnostic and treatment decisions in light of the ultrasound findings and other covariates.
The hypothesis of the study was that in certain subpopulations of dogs presenting with neurological disease, including young chondrodystrophic dogs, the AUS is not likely to identify an abnormality that would prevent the client from going forward with advanced neurodiagnostics, and surgical treatment for their dog.
Materials and Methods
Medical records of dogs presented to the Neurology/Neurosurgery Service at the UC Davis William R. Pritchard Veterinary Medical Teaching Hospital for a neurologic condition between the years 2007 and 2009 were reviewed. This included internal and external referrals. Dogs that had an AUS as part of medical screening before planned advanced neurodiagnostics including vertebral column radiographs, myelogram, computed tomography (CT), magnetic resonance imaging (MRI) and cerebrospinal fluid (CSF) analysis were included. The medical screening tests included complete blood count, serum biochemistries, urinalysis, and thoracic radiographs. For dogs with multiple visits, only the first visit was included in order meet independence assumptions for the statistical analyses.
Signalment data included age, weight, sex, and breed. Individual breeds were recorded and classified as dachshund or nondachshund as well as chondrodystrophic or nonchondrodystrophic. To the authors' knowledge, there is no comprehensive list of chondrodystrophic breeds, so the existing literature was evaluated for breeds that have been identified as chondrodystrophic or included in studies of chondrodystrophic dog breeds, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] resulting in the following list: dachshund (miniature, standard, long hair, wire hair), Pekingese, West Highland white terrier, corgi, Japanese chin, bassett hound, shih tzu, Lhasa apso, bichon frise, beagle, pug, Boston terrier, Cavalier King Charles spaniel, French bulldog, English bulldog, miniature schnauzer, Tibetan spaniel, Jack Russell terrier, miniature poodle, Yorkshire terrier, border terrier, coton du tulear.
For all cases included in the study, the neurological examinations had been performed by faculty-supervised neurology residents and board certified neurologists. The neuroanatomic localizations based on the neurological examinations that were noted in the medical record were recorded. The categories were brain, neuroanatomic localization from first cervical to fifth cervical segment (C1-C5), neuroanatomic localization from sixth cervical to second thoracic segment (C6-T2), neuroanatomic localization from third thoracic to third lumbar segment (T3-L3), and neuroanatomic localization from fourth lumbar segment to the caudal segments (L4-caudal). All AUS had been performed and reports written by faculty-supervised radiology residents and board certified radiologists. The reports were reviewed retrospectively and if an abnormality was identified in the report, the abnormal organ system was recorded (liver, spleen, urinary, gastrointestinal, adrenal, lymph nodes, pancreas, reproductive), and categorized according to one of the following descriptors: nodule/ mass, degenerative change, inflammation, enlargement, reduction in size, mineralization, hypoechoic, hyperechoic, or other. In those dogs that had a nodule or mass identified, the maximum dimension based on ultrasound images was recorded. If cytology or histopathology had been performed on the ultrasonographically abnormal organ, the results were recorded as well. Dogs were then categorized according to which, if any, advanced diagnostics were performed (vertebral column study, myelogram, CT, MRI, CSF analysis). The decision to treat medically or surgically, to not treat, or to euthanize was recorded. For those that were not treated, the primary reason was noted and assigned to one of the following categories: declined by owner, improved with conservative management, abnormal AUS findings, other disease, or increased anesthetic risk preventing safe performance of the neurological disease workup, unknown, died, or other. Clients who failed to follow up on recommendations for advanced neurodiagnostics or did not show for scheduled procedures were included in the "declined by owner" category.
Logistic regression analysis was used to identify significant predictors of the probability of a dog having an abnormal ultrasound result. The effects of demographic predictors consisting of age, weight, sex, and breed type were considered first. Then the relationship between the probability of an abnormal ultrasound and the neuroanatomic localization of the lesion was evaluated. Age groups were 0-6 years, >6-12 years, and >12 years. Weight groups were 0-10 kg, >10-25 kg, and >25 kg. As noted previously, breed type was classified into chondrodystrophic or nonchondrodystrophic breeds, and dachshund or nondachshund breeds.
For significant main effects, Tukey's Honestly Significant Differences method was used to identify significant group differences while maintaining the family-wise type I error at 0.05. A Chisquare test was used to determine whether conducting advanced neurologic diagnostics was associated with the presence of an abnormal ultrasound. Logistic regression also was used to model the probability that a neurologic disorder was treated as a function of age group, occurrence of an abnormal ultrasound, and the location of the neurologic disorder.
Results
Seven hundred and fifty-nine dogs met inclusion criteria, consisting of 324 (42.7%) females and 435 (57.3%) males. Three hundred and eighteen (41.9%) dogs were classified as chondrodystrophic breeds and 441 (58.1%) as nonchondrodystrophic breeds. Recategorizing the same 759 dogs, there were 139 (18.3%) dachshunds and 620 (81.6%) nondachshund breeds. Dachshund breeds, therefore, comprised 43.7% (139/318) of the total chondrodystrophic population. Age was recorded for 754 dogs (99.3%) ranging from 0.27 to 17 years old. Weight was recorded for 665 animals (87.6%), ranging from 0.66 to 90.4 kg. Of the 759 dogs studied, 444 (58.5%) had abnormal ultrasound examinations and 315 (41.5%) had normal examinations. Most dogs (675, 88.9%) underwent advanced neurodiagnostic procedures.
The probability of abnormal AUS examination findings increased with age (P < 0.0001). The mean probability of detecting an ultrasonographic abnormality for the 0-6 year old age group was 0.42 (95% confidence interval [CI] 0.36-0.49). For the >6-12 year old age group the mean probability was 0.65 (95% CI 0.60-0.70), and for the >12-17 year old age group it was 0.93 (95% CI 0.84-0.97). Other demographic variables evaluated (sex, weight, chondrodystrophic versus nonchondrodystrophic breed) were not significant, with the exception that dogs weighing between 10-25 kg had a higher probability of an abnormal AUS finding than dogs weighing <10 kg (P = 0.04) ( Table 1) .
We then considered the effect of the location of the neurologic lesion on the probability of a dog having an abnormal AUS with inclusion of age and weight as covariates. Age remained significant in this modeling (P < 0.001), but weight and neuroanatomic localization of disease were not significant predictors of the probability of a dog having an abnormal AUS finding.
Logistic regression was used to evaluate the probability of an abnormal AUS for dachshunds versus other breeds. Fifty-nine of 139 dachshunds (42.4%) and 385/ 620 nondachshunds (62.1%) had an abnormality identified on AUS. Age and dachshund versus nondachshund breed status were significant predictors of whether a dog had an abnormal AUS (P < 0.001 and P = 0.012, respectively). Among dachshunds, all age groups differed significantly from each other, showing again by virtue of increasing odds ratios (OR) with age, that the probability of an abnormal AUS examination increased with age (Table 1) . Nondachshunds had higher probability of having an abnormal AUS than dachshunds (P = 0.01, OR = 1.87) after accounting for age as a factor.
In the 444 dogs with an abnormal AUS, 1,184 ultrasound abnormalities were identified; the abnormal organ system involved and the abnormal ultrasound characteristic were tabulated (Table 2 ). In total, 844 organ systems were affected: the urinary tract (220), liver (186), spleen (153), adrenal glands (81), reproductive system (60), other (48), lymph node (37), pancreas (30) , and gastrointestinal tract (29). In these affected organ systems, 1,184 abnormalities were identified: enlargement (312), other (249), nodule/mass (175), hyperechoic (157), hypoechoic (107), degenerative change (74), mineralized (69), reduction in size (29), inflammation (12) . The five most common combinations of organ and abnormality were urinary + other (126), liver + enlargement (110), spleen + nodule (78), liver + hyperechoic (64), spleen + enlargement (62).
The decision to pursue advanced neurodiagnostics was significantly associated with an abnormal AUS finding (P < 0.001). The OR of conducting advanced testing for dogs with an abnormal ultrasound versus those with a normal ultrasound was 0.30 (95% CI: 0.17, 0.52), indicating that the presence of abnormalities reduced the likelihood of conducting advanced testing. However, the probability of a dog undergoing advanced testing was high regardless of whether the ultrasound revealed an abnormality. The estimated probability of advanced testing being conducted for dogs with abnormal AUS was 0.85 (95% CI: 0.81 and 0.88) versus 0.95 (95% CI: 0.92 and 0.97) for dogs with normal results. The type of abnormality did not significantly influence whether advanced neurologic testing was performed.
The most common reason among the 85 dogs that did not have advanced diagnostics performed was "Declined by owner" (29/85 = 34%). "Improvement with conservative management" was the second most common reason (20/85 = 23%), followed by "Other disease conditions or anesthetic risks" (17/85 = 20%). The findings from an abnormal AUS examination were the primary reason for not pursuing further neurodiagnostics in 10/85 (11%) dogs, constituting 1.3% of the total study population. In the subpopulation of dogs that did not have advanced diagnostics because of the abnormal findings from AUS, the most significant ultrasonographically abnormal organ systems affected were: liver (3), spleen (3), lymph node (1), reproductive tract (1), adrenal glands (2). The histopathologic, cytologic, or presumptive diagnoses were identified from the medical records. Of these dogs with the most significant abnormality identified in the liver, two had an enlarged liver with nodules-the first was diagnosed with hepatocellular carcinoma (based on histopathology) and the second Adj P, adjusted P-value. OR, odds ratio. Odds of an ultrasound abnormality were higher in the older age groups. Dogs were divided into the following age groups: 0-6 years old, >6-12 years old, >12-17 years old. The weight groups were 0-10 kg, >10-25 kg, >25-81 kg.
Asterisks denote significant difference between groups. Ultrasound abnormalities (rows): E, enlargement; HO, hypoechoic; HR, hyperechoic; M, mineralization; N, nodule/mass; OT, other; R, reduction in size, NA, not available. Organ systems (columns): A, adrenal gland; G, gastrointestinal; L, liver, LN, lymph node; P, pancreas; R, reproductive; S, spleen; U, urinary.
had a suppurative hepatitis (based on cytology). The third dog with liver changes had nodules that were diagnosed as lymphoma (histopathology). Splenic nodules were present in two of the dogs that did not have advanced diagnostics. One had histiocytic sarcoma (cytologic and histopathologic diagnosis), and two had presumptive hemangiosarcoma (hemoabdomen with splenic and hepatic nodules identified in one dog, previous history of histopathologically diagnosed vertebral hemangiosarcoma in the second dog). One dog with enlarged lymph nodes had a cytologic diagnosis of histiocytic sarcoma. One dog with prostatic enlargement, nodules and mineralization had a cytologic diagnosis of prostatic transitional cell carcinoma followed by histopathologic confirmation. Two dogs had an adrenal nodule/mass that had no histopathologic or cytologic diagnosis, but were presumed malignancies because of vascular invasion.
Factors influencing decisions to treat a neurological disease were investigated. Neither age nor abnormal AUS findings were significant predictors of the decision of whether to treat a neurological disease. However, weight was a significant predictor of not treating a disease (P = 0.015-0.035, depending on the lesion localization). Compared with small dogs (under 10 kg), larger dogs had a lower probability of being treated (OR = 0.37-0.42, P = 0.01-0.05; variation based on neuroanatomic localization). In addition, the neuroanatomic location of disease, either in the brain or the C6-T2 spinal cord segment was associated with the probability of treating the dog. The estimated probability of treating a C6-T2 localization was higher (0. 
Discussion
The majority of dogs in the study population had an abnormality identified on AUS and these dogs were less likely to go on to advanced neurodiagnostics than those with normal AUS. However, overall, the probability of moving forward with advanced neurodiagnostics was high regardless of a normal or abnormal AUS. As hypothesized, young dogs and dachshunds were less likely to have an abnormal AUS; surprisingly, chondrodystrophic breeds as a group were not. The percentage of dogs that did not move on to advanced neurodiagnostics primarily because of AUS findings was quite small, suggesting a limited effect of the abnormal findings on the decisions to proceed with advanced diagnostics and treatment.
The AUS for neurological dogs serves a dual role of identifying an intra-abdominal cause of the neurological disease and to screen for the presence of concurrent, undiagnosed disease. Our study's finding that older dogs have a higher likelihood of AUS abnormalities parallels the findings of several prospective human and veterinary studies 15, 16, 20, 31, 32 and, when applied to older dogs, adds strength to the recommendation that AUS should be performed to look for extracranial neoplasia before advanced imaging of the brain or intracranial surgery. 33 The costs and risks associated with AUS in these dogs can be justified since it is sensitive for detection of intra-abdominal abnormalities, but because the ultrasonographic changes are rarely specific for disease etiology, biologic sampling is required for diagnosis.
Young dogs and dachshunds presenting with neurologic disease are less likely to have an abnormal AUS compared with others. This suggests relatively lower intra-abdominal disease prevalence in these two groups. When disease prevalence is low, there is higher likelihood of false positive results. If the incidental abnormal AUS findings in these dogs are more likely to be false positives or of low clinical significance, the risks associated with follow-up testing for these types of findingscomplications from invasive procedures (biopsy, surgery, endoscopy), increased stress to the owner and dog and increased costs that do not lead to medical benefit -might not be worth assuming. As such, a routine screening AUS could be considered a less critical component of the extracranial workup for a young dog or dachshund presenting for neurologic signs. At the very least, owners of these dogs should be advised beforehand that the abdominal ultrasound exam is likely to be low yield and could identify incidental abnormalities.
Although dachshunds as a group and chondrodystrophics as a group share an increased risk of intervertebral disk herniation at a young age, 28 ,29 our study demonstrated they do not share a decreased risk of having abnormal AUS findings. Early investigations into the tendency of some breeds to intervertebral disk disease identified only the dachshund, Pekinese, and French bulldogs as a "chondrodystrophoid breed group." 34 Furthermore, the correlation between chondrodystrophy and intervertebral disk disease has not been established for all breeds. 29 The list of breeds categorized as chondrodystrophic for this study was collated from lists from many publications that spanned several decades, since universal agreement on this is lacking. Perhaps inclusion of so many breeds in the chondrodystrophic group negated the protective effect of the dachshunds.
Although the likelihood of a dog with an abnormal AUS proceeding to advanced neurodiagnostics was lower than a dog with a normal AUS, the overall likelihood that a dog with an abnormal AUS had advanced neurodiagnostics was still quite high. This is most likely because of the tertiary referral institution population studied. Clients presenting to our referral institution are more willing to proceed with advanced neurodiagnostics despite an abnormal AUS finding, which could bias our study population and results. Whether a willingness to proceed with advanced diagnostics and treatment would hold true in a nontertiary referral practice remains to be determined.
In a study of 53 mature, healthy golden retrievers undergoing screening AUS, 64.2% had AUS abnormalities. 18 Two studies have explored the role of AUS before treatment for oncologic disease. Fifty seven percent of 118 dogs diagnosed with osteosarcoma had AUS abnormalities, 17 while among 101 dogs who were candidates for radiation therapy because of diagnosis of one of three different types of neoplasms with low metastatic potential (soft tissue sarcoma, primary brain tumor, intranasal tumors) there was a 78-87% frequency of abnormal AUS.
14 Our study's finding of a frequency of 58% of AUS abnormalities is similar to these three studies, and strengthened by our large study population.
Although not direct comparisons to the aforementioned studies, our study's finding of 1.3% of the study population not moving on to advanced neurodiagnostics primarily because of abnormal AUS findings is lower than the rates of 6.4% for the frequency of AUS abnormalities deemed capable of changing the prognosis or therapeutic recommendations in dogs with osteosarcoma, and 9% for serious comorbidities identified by thoracic radiographs, AUS, or both that resulted in alteration in treatment plans in dogs with neoplasms with low metastatic potential. Perhaps the reason why our study had such low percentage of cases with the diagnostic or treatment plan altered by AUS findings was the categorization scheme we used. Retrospectively categorizing the rationale for why advanced neurodiagnostics and treatment were not pursued is difficult, as the reasons are often multifactorial. It is possible that a fair number of the cases in our study, where advanced neurodiagnostics and treatment were "declined by owner" were because of significant comorbidities identified on abdominal ultrasound, but was not clearly expressed as such by the owner or in the medical record.
In evaluating the role of the screening AUS on likelihood of proceeding to advanced neurodiagnostics and treatment, another parallel is the routine preanesthetic blood work. No consensus opinion on the utility of preanesthetic screening in dogs has been reached, but in a large-scale retrospective study of 1,537 dogs, the changes revealed by preoperative hematologic and biochemical screening rarely prompted major changes to anesthetic technique. The authors of the study concluded that in dogs without abnormalities identified in careful clinical history taking or physical examination, the screening preanesthetic blood work is often clinically irrelevant. 13 This is similar to the literature in human medicine, where multiple studies have shown and many reviews and guidelines state that routine preoperative screening tests are of questionable benefit, and rarely change anesthetic management or improve surgical outcome for human surgery patients. Rather, decisions about ordering selective or directed preoperative tests should be guided by the clinical history, physical exam findings, and comorbid conditions. [1] [2] [3] [7] [8] [9] [10] [11] 35 We propose that similar logic should be employed in determining the necessity of the AUS in neurological dogs before advanced imaging and treatment.
Those smaller dogs were more likely to be treated than larger dogs could be because of the fact that smaller dogs with neurologic dysfunction would be less difficult for the client to manage at home than larger dogs and the difference in differential diagnoses and associated prognoses for small versus large breed dogs. The fact that the brain was treated surgically less often than lesions in other neuroanatomic localizations might be because of the nature of the disease, the invasiveness of the treatment procedures, potential complications, high cost, and variable prognoses based on lesion type and location. Somewhat surprisingly, we found C6-T2 lesions were more likely to be treated surgically than lesions with other neurolocalizations even though intervertebral disk extrusions are most common in the cervical and T11-L3 regions. This could be because of the comparative severity of myelopathic signs seen in the C6-T2 region versus the T3-caudal segments with intervertebral disk disease. Complete paralysis and loss of pain sensation are neurological findings that are associated with a guarded to poor prognosis for recovery. 36 These clinical signs are rare neurological findings in lesions affecting the cervical spinal cord, whereas they are commonly seen in the T3-L3 region of the spinal cord. Owners given an overall poorer prognosis for recovery based on the neurological signs of paralysis and loss of pain sensation might be less likely to move forward with diagnosis and treatment. Also, the inclusion of dogs with suspected degenerative myelopathy, which characteristically presents with signs of T3-L3 myelopathy and has no MRI changes or specific treatment, 37 could have negatively affected the percentage of dogs with T3-L3 myelopathy that are treated.
The primary limitation of this study is the retrospective nature. Although certain assumptions and interpretations had to be made from the medical records and were unavoidable, these were kept to a minimum by limiting the amount of data that were collected and using a systematic approach to categorization. Including dogs which were internal referrals within the hospital could have included a population, that is, less likely to pursue advanced neurodiagnostics because of other more critical medical conditions that require attention first. This internal referral population could also have biased the results toward more abnormal AUS examinations. Although some degree of error and bias is inherent in retrospective studies, this might be minimized by the large number of dogs reported in this study. Also, while ultrasonography is sensitive for lesion detection, the changes are rarely specific for disease etiology.
38 A prospective study with histopathologic correlation for abnormal AUS findings could better elucidate the effect of the findings on further diagnostics and treatment, but is impractical, as there is little justification for biopsy specimen collection in dogs with no clinical signs associated with the AUS finding.
In summary, abnormal findings from screening AUS had a small negative effect on the likelihood of pursuing advanced neurodiagnostics. The use of AUS as a directed preoperative test in dogs with historical or physical examination data that suggest an intra-abdominal comorbid condition or potential cause of the neurologic signs should still be performed, particularly in older dogs, but an AUS is a low-yield screening test for neurological young dogs and dachshunds. These data could help clinicians and clients in their decision-making process as to whether the AUS is included as part of a diagnostic evaluation before advanced neurodiagnostics and treatment.
